Background: Previous meta-analyses have been conducted to compare outcomes of various treatment injections for lateral epicondylitis (LE), including corticosteroid injection (CSI) and autologous blood products such as autologous blood (AB) and platelet-rich plasma (PRP).
The most commonly used injection therapy is corticosteroid injection (CSI), which is extensively used in the treatment of tendinopathy because of the low cost and easy application; however, the effects are short term at reducing pain and improving function. 6, 25, 31 More recently, biological solution injections are being used as an alternate option. 1, 3, 18 Biological therapeutics-termed autologous blood products (ABPs)-such as autologous blood (AB) and platelet-rich plasma (PRP), have been used for the management of orthopaedic diagnoses such as osteoarthritis, bone healing, muscle strain, tendinopathy, ligament, cartilage, and other soft tissue injuries. 14, 25, 35 PRP is prepared from AB and contains an increased concentration of autologous platelets; however, PRP and AB both contain growth factors that might be beneficial for the healing of soft tissue injuries. 7, 18, 22, 25, 35, 36 Multiple studies 1, 5, 6, 15, 25 have concluded that CSIs are advantageous in the short term, while ABPs may be a more effective treatment modality for pain reduction in the long term.
The purpose of this study was to conduct a systematic review of overlapping meta-analyses comparing different injection treatments (CSI, AB, and PRP) for LE to determine which meta-analyses provide the best available evidence.
METHODS
The methods of this study are similar to previous systematic reviews of overlapping meta-analyses. 10, 17 Two independent reviewers (D.A.H., L.B.T.) searched the PubMed, Embase, and Cochrane Library databases up to June 8, 2017 . The following search terms were used: "injection," "corticosteroid," "platelet-rich plasma," "autologous blood," "tennis elbow," "lateral epicondylitis," and "meta-analysis." Inclusion criteria consisted of meta-analyses that compared at least 2 of the 3 injection therapies for LE (AB, PRP, and CSI). Exclusion criteria consisted of (1) systematic reviews that did not pool data or perform a meta-analysis and (2) meta-analyses without at least 2 of the 3 injection therapies for LE. The full articles of all studies that met the inclusion and exclusion criteria were obtained by 2 reviewers (D.A.H., L.B.T.). The authors then thoroughly reviewed the articles to confirm that all pertinent studies were included in this systematic review.
From the studies that met inclusion and exclusion criteria, the following data were collected: primary author, year of publication, levels of evidence included, number and publication dates of primary studies included, inclusion and exclusion criteria, performance of heterogeneity analytics, patient demographics, follow-up period, duration of disease, patient-reported outcomes, and objective outcomes.
The following outcome scores were collected: adverse events, escape treatments/nonresponses, upper extremity function, 24 grip strength, Patient-Rated Tennis Elbow Evaluation, 27 visual analog scale (VAS) for pain, 9 DASH (Disabilities of the Arm, Shoulder and Hand) score, 11 Likert global assessment scale, 2 pressure pain threshold, 32 EQ-5D (EuroQoL score), 8 Roles and Maudsley score, 26 and Nirschl score. 20 The number of "possible" previous meta-analyses cited relative to the number "actually" cited was recorded, as was the database used in the literature search. Additionally, the primary studies and their type (eg, randomized controlled trial and prospective comparative studies) were recorded. We also recorded which studies included the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. We scored the meta-analyses using the Oxman-Guyatt quality appraisal tool. 21 The methodological quality of these meta-analyses was scored with the Quality of Reporting of Meta-analyses (QUOROM) system. 19 This scoring system assesses meta-analyses based on the quality of their methodology and reporting in 18 categories. Of the meta-analyses that met criteria, each category was awarded a point, with a total of 18 possible points. Any known biases were recorded within the reviewed literature.
We used the Jadad decision algorithm to guide interpretation of discordant meta-analyses. Jadad et al 13 described 6 discordant sources among meta-analyses: clinical question, study selection and inclusion, data extraction, assessment of study quality, assessment of the ability to combine studies, and statistical methods for data synthesis. Two authors (D.A.H., L.B.T.) independently applied the Jadad decision algorithm and compared results to determine which of the included meta-analyses proposed the best treatment option for tennis elbow through the current best evidence. When discrepancies were present, the 2 reviewers discussed the results and came to agreement.
RESULTS
The initial search revealed 36 total articles. Of these, 9 studies 1, 3, 6, 15, 18, 25, 28, 31, 34 met the inclusion and exclusion criteria and are included in this systematic review. These studies were published between 2012 and 2017, with all 9 studies performing a meta-analysis. The number of primary studies included in these meta-analyses ranged from 4 studies 31 to 26 studies. 6 The number of patients analyzed ranged from 307 patients 34 to 2280 patients, 28 with a mean of 962 per study. All of the studies described patients receiving CSIs, with a mean of 283 patients being treated. 
Assessment of Previous Meta-analysis Literature
The authors of these studies generally cited most of the previously published meta-analyses, with only 1 study 34 not citing any of them (Table 1) . For 1 study, there were no previous meta-analyses to cite, 15 whereas 4 studies 1, 3, 6, 28 cited all available meta-analyses, 1 study 25 cited 1 of 2 available meta-analyses, and 1 study 18 cited only 2 of the 7 available meta-analyses. These 7 studies, 1, 3, 6, 18, 25, 28, 31 which used previously published meta-analyses, most likely were repeated because of limitations of previous meta-analyses, which did not provide strong evidence, owing to methodologically different studies.
Outcome Measures
There was a wide range of clinical outcomes assessed in these meta-analyses ( Table 2 ). The most commonly analyzed outcome, reported by all 9 studies, was VAS for pain, followed by 7 studies 1, 3, 15, 18, 25, 28, 34 reporting Patient-Rated Tennis Elbow Evaluation.
Search Methodology
Every study searched PubMed/Medline as part of the literature search, while 8 of the 9 studies searched the Cochrane Library. 3, 6, 15, 18, 25, 28, 31, 34 There was variability in the use of other databases, including Embase, Scopus, the Cumulative Index to Nursing and Allied Health Literature, Web of Science, and SpringerLink (Table 3) .
Study Quality and Validity
QUOROM scores were assessed for each study and ranged from 16 3, 15 The mean score was 6, with a median of 7 (Table 3) .
A total of 54 prospective comparative studies were included among meta-analyses. Appendix Table A1 shows the primary studies in each meta-analysis. Of the 54 prospective studies, 24 were assessed by only 1 meta-analysis, 17 by 2 meta-analyses, 5 by 3 meta-analyses, 2 by 4 metaanalyses, 4 by 5 meta-analyses, 1 by 6 meta-analyses, and 1 by 7 meta-analyses (Table A1 ).
Study Results
A heterogeneity analysis was performed in all 9 studies. 1, 3, 6, 15, 18, 25, 28, 31, 34 Heterogeneity was assessed with I 2 statistics. Krogh et al 15 found no differences between CSI and placebo in terms of pain reduction beyond 8 weeks. The investigators also found that AB and PRP showed a significantly greater improvement as compared with placebo between 8 and 52 weeks. 15 Sayegh et al 28 compared any form of nonsurgical treatment injection (CSI, PRP, AB, sodium hyaluronate, or glycosaminoglycan polysulfate) or other nonsurgical treatment (physical therapy, shock wave therapy, laser, ultrasound, corticosteroid iontophoresis, topical glyceryl trinitrate, or oral naproxen) with observation only or placebo (saline injection), with a follow-up of at least 6 months. The authors found an overall lack of intermediate-to long-term clinical benefits after any nonsurgical treatment of LE as compared with observation only or placebo. 28 However, the aggregation of multiple nonsurgical treatments in the same analysis may counterbalance more effective treatments with less effective treatments.
Chou et al 3 compared the clinical outcomes of AB injections with CSIs or PRP injections in treating LE. This study demonstrated that AB was significantly more effective than CSI, but no significant differences were found between AB and PRP. The results reported by Chou et al 3 were comparable with those of Krogh et al, 15 reporting analogous efficacies of AB and PRP injection in decreasing pain for LE. Arirachakaran et al 1 performed a network meta-analysis comparing clinical outcomes among the use of CSI, PRP, and AB injections. The researchers found that PRP can improve pain and lower the risk of complications, but AB has a higher risk of adverse effects despite the ability to improve pain, disability scores, and pressure pain threshold. Dong et al 6 conducted a network meta-analysis that evaluated different treatment injections for LE at the intermediate term (6 months) and concluded that PRP and AB injections represent an effective treatment option for LE, while CSI is not recommended. Tsikopoulous et al 34 concluded that AB injections provided significantly greater clinical relief as compared with CSI among patients with LE at both intermediate-and medium-term follow-up (8-26 weeks).
Qian et al 25 compared ABPs with CSI, grouping AB and PRP into the ABP category, which could have influenced 31 conducted a meta-analysis comparing CSI and AB and found that CSI led to nonsignificantly lower VAS pain scores in the short term, with no differences in the medium term (4-12 weeks) and longer term compared with AB. Additionally, these authors concluded that there is no evidence to support AB injections for longer-term pain management. Finally, Mi et al 18 found that CSI could relieve pain and significantly improve function of the elbow in the short term (2-8 weeks), while PRP was the most effective treatment option in terms of pain relief and functional improvement in the intermediate (12 weeks) and longer term (6-12 months).
Heterogeneity Assessment
All 9 studies included in this systematic review performed a heterogeneity analysis. All meta-analyses performed a subgroup or sensitivity analysis to compare study designs, 
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interventions, and outcomes (Table 4) . Additional parameters, such as age, sex, dominant elbow, and follow-up interval, were analyzed.
Results of Jadad Decision Algorithm
The Jadad decision algorithm was applied to determine which of the 9 included studies provided the best available evidence. 13 All outcomes of the included meta-analyses are shown in Figure 1 . The selection criteria were not accordant among the included meta-analyses; therefore, the Jadad algorithm suggests that the highest-quality review be selected according to the publication characteristics of primary trials, the methods of primary trials, the language restrictions, and whether analysis of data on individual patients was included in the study. Arirachakaran et al 1 was selected as the study with the best methodological quality of primary trials.
DISCUSSION
The purpose of this study was to conduct a systematic review of overlapping meta-analyses comparing different injection treatments for the treatment of LE and to determine which meta-analyses provide the best available evidence. Most studies found that ABPs (ie, AB and PRP) were the most effective treatment options for LE in terms of pain relief and elbow function in the intermediate term (12-26 weeks) . 1, 3, 6, 15, 18, 25, 34 In addition, CSI was an effective treatment for pain relief and elbow function in the short term (<12 weeks). 18, 25, 31, 34 Many studies found that although CSIs exhibit positive short-term outcomes regarding pain relief and functional improvement, the recurrence rate of tennis elbow with CSI should be taken into consideration. 3, 18, 25, 31, 34 Qian et al 25 reported recurrence rates after CSI of 37% at 6 months and 72% at 6 weeks. Additionally, the lack of a significant short-term effect with injection of ABPs could represent the period needed for proper tendon tissue regeneration. 18, 25, 31, 34 The pathogenesis of LE is predominantly related to degeneration, while inflammation minimally affects LE. 3, 18 The high rate of recurrence with CSI could be explained by the effectiveness of steroids in decreasing pain intensity with the inhibition of neuropeptides and cytokines. However, tendon healing may be disrupted with the use of steroids by inhibiting the migration and proliferation 
A plus sign (þ) or minus sign (-) indicates that formal sensitivity or subgroup analysis was or was not performed, respectively; 0 indicates that descriptive data were performed or discussed but no analysis was performed. DASH, Disabilities of the Arm, Shoulder and Hand; EQ-5D, EuroQoL score; NSAIDs, nonsteroidal anti-inflammatory drugs; PPT, pressure pain threshold; PRTEE, Patient-Rated Tennis Elbow Evaluation; VAS, visual analog scale.
of the cell and by inducing the differentiation of the nontenocyte. 3, 18, 25 Additionally, overuse of the elbow attributed to short-term pain relief following treatment with CSI could be a reason for the high rate of recurrence. 25 Furthermore, ABPs contain growth factors, which may be beneficial for tendon healing, although this may take >3 months. 16 This extended period for healing may be the reason why ABPs were shown to be more effective in the intermediate term. 1, 3, 6, 15, 18, 25, 34 Of the 9 studies we evaluated, 1 study had an OxmanGuyatt score of 7 with a QUOROM score of 18, 1 and 2 studies had an Oxman-Guyatt score of 7 with a QUOROM score of 17.
18,31 These were the highest scores achieved in this review; therefore, these meta-analyses appear to have the highest level of evidence. The first of these was a level 1 meta-analysis by Arirachakaran et al. 1 This meta-analysis found that PRP and AB are both superior to CSI within and after 2 months. The investigators found that AB was advantageous in improving pain, disability scores, and pressure pain threshold and that PRP can improve pain as compared with CSI. The investigators found an increased risk of adverse effects in AB as compared with PRP. 1 The second of these studies was a level 2 meta-analysis by Sirico et al. 31 This meta-analysis found that CSI nonsignificantly lowered the VAS pain score more so than AB in the short term but did not find any differences in the medium and long term.
Sirico et al 31 proposed a multiple-treatment injection protocol using CSI for short-term pain relief combined with ABPs for long-term functional improvement. The third of these studies was a level 2 meta-analysis by Mi et al. 18 This study supported our hypothesis that CSI could relieve pain and significantly improve function in the short term, while PRP was the most effective treatment option for the intermediate to long term. However, the dosage and various dose options of PRP and CSI made it difficult to compare main outcomes, and this study lacked high-quality randomized controlled trials to verify the results.
Only 1 of the meta-analyses included in this review found no clinical benefits after nonsurgical injections (CSI, PRP, AB, sodium hyaluronate, or glycosaminoglycan polysulfate) and other nonsurgical treatments (physical therapy, shock wave therapy, laser, ultrasound, corticosteroid iontophoresis, topical glyceryl trinitrate, or oral naproxen) as compared with observation only or placebo (saline injection) at intermediate to long term. 28 However, the aggregation of multiple nonsurgical treatments in the same analysis may have allowed the effectiveness of each treatment to counterbalance the other treatment.
Rather than conducting further reviews or metaanalyses, further research efforts should be aimed toward creating a single, large level 1 clinical trial to determine the most effective treatment option for LE given the lack of a Figure 1 . Flow diagram of Jadad decision algorithm. 13 confident conclusion in these meta-analyses. Since ABPs are not currently covered under the majority of insurance plans, a cost-effectiveness analysis is needed to compare PRP and AB when combined with physical therapy to examine functional outcomes, pain thresholds, disability scores, and adverse events. 1 The effectiveness of ABP must be obvious to justify out-of-pocket cost to the patient. Therefore, it is clear that ABPs for the treatment of LE need to be further examined clinically to determine the intermediateto long-term benefits when utilized alone or in combination with CSI for short-term pain relief.
One of the strengths of this review is the use of multiple validated quality assessment tools by 2 independent reviewers. 19, 21 The limitations of this study should also be noted. These include differences in pain scoring systems, treatment schedules and dosages, and follow-up period. Moreover, improvements in treatment groups versus nontreatment groups may be partially attributed to a placebo effect, activity modification, additional physical therapy, commercial bias, and outside treatments, in addition to the natural history of the condition. 28 This study examined the more invasive treatments for LE, and conservative treatment measures, such as wrist bracing, nonsteroidal anti-inflammatory drug use, and rest, were not considered in the majority of the included studies. Furthermore, some nonoperative treatment options for LE, including hyaluronic acid, glycosaminoglycan polysulfate, prolotherapy, and botulinum toxin, were not included in this review. In addition, the lack of uniformity among the trials related to the preparation of PRP and the concentration of platelets (leukocyte rich vs poor) was not able to be assessed in any of the included meta-analyses. Finally, the small number of studies evaluating outcomes of particular pairs of treatments and the high risk of bias in the ABP treatment injections, owing to a lack of blinding, may have had a significant effect on our findings. Further research in which a blood sample is obtained from the control groups is necessary to associate the dosage, number of injections, and ideal combination and sequence of various treatment injections for LE.
CONCLUSION
The results of this systematic review of overlapping metaanalyses suggest that CSI improves functional outcomes and pain relief for LE in the short term, while AB and PRP are the most effective treatment options in the intermediate term. Despite lacking significant support, the results of this review indicate that dosage, number of injections, and combination of various treatment injections may be critical factors and dependent variables in determining the success of CSI, AB, and PRP, which necessitates a more detailed evaluation and longer follow-up to determine the appropriate injection protocol for the treatment of LE.
